Undernutrition of dams and pups disrupts the retrieval efficiency of mothers. However, if the mothers are assessed in their home cages, they spend more time with their litters. In the present study the effect of test conditions on pup retrieval behavior of mothers receiving a 25% (well-nourished group) and 8% casein diet (undernourished group) was examined. In agreement with previous studies, undernourished mothers spent more time with their litters than well-nourished dams as lactation proceeded. Pup retrieval behavior varied with test conditions. In the first experiment, the maternal behavior of dams was assessed by the standard procedure (pups were separated from their mother and scattered over the floor of the home cage). The mother was then returned and the number of retrieved pups was recorded. From day 3 to 8, the retrieval efficiency of undernourished dams decreased, while the retrieval efficiency of well-nourished mothers did not vary. In the second experiment, mothers were subjected to a single retrieval test (on day 9 of lactation) using the procedure described for experiment 1. No difference between well-nourished and undernourished mothers was observed. In the third experiment, seven-day-old pups were separated from the mothers and returned individually to a clean home cage. Dietary treatment did not affect the retrieval efficiency. However, undernourished dams reconstructed the nest more slowly than did well-nourished dams. Taken together, these results suggest that pup retrieval behavior of the undernourished mother is not impaired by dietary restriction when the maternal environment is disturbed minimally.
Introduction
Perinatal undernutrition may change different anatomical, neurochemical, physiological, pharmacological, developmental and behavioral parameters (1) (2) (3) (4) (5) (6) (7) . The methods used to produce undernutrition in rats are accompanied by changes in mother-pup interaction (8) (9) (10) (11) (12) and it has been proposed that changes in maternal behavior tend to minimize the effects of undernutrition on offspring growth and development (13, 14) . Other studies have indicated that the changes in maternal behavior cause either beneficial effects (15) or no effect on the later behavior of offspring (16, 17) .
The maternal behavior of malnourished rats has been studied under disturbed condi-tions (11, 12, 18, 19) as well as using a more natural approach by observing dam behavior in the home cage without disturbing the ongoing maternal behavior (4, 11, 12, 17, 20) . Most of the studies which evaluate the pup retrieval behavior of undernourished dams (caused by food restriction or by feeding dams a low protein diet) showed a decrease in the efficiency of pup retrieval behavior as a function of days of testing (11, 12, 19, (21) (22) (23) . In a more detailed second study, Wiener et al. (12) reported that dams maintained on a low protein diet retrieved less than wellnourished dams after some retrieval tests, but during periods not associated with the tests, malnourished dams spent more time with their pups. Several other literature reports demonstrated that malnourished dams spend more time with litters when observations are made in the home cage with little disturbance of dam behavior (4, 12, 13, 17, 20) .
Taken together, these results suggest that under disturbed conditions malnourished mothers present a deficit in some pup-oriented behaviors, mainly in retrieval. On the other hand, under undisturbed conditions malnourished dams seem to present more pup-oriented behaviors than well-nourished mothers.
Pup retrieval behavior of undernourished dams has been studied by some standard procedures: the litter is separated from the dam and then returned to the side opposite to the nest and the pups are usually scattered over the floor of the cage. This situation seems to rarely occur in an undisturbed maternity environment, and may represent a stressful situation to dams. Undernourished dams may be more susceptible to these changes due to their nutritional condition (18, 19) . In the present study, pup retrieval behavior of dams maintained on a low protein diet was examined by the standard procedure used in the literature and also using three additional procedures: 1) retrieval behavior was assessed by the standard literature procedure except that dams were subjected to a single retrieval test on day 9 after delivery; 2) after removing the entire litter from the home cage, retrieval behavior was assessed by sequentially adding pups oneby-one to the side opposite to the nest, and 3) on day 10 after delivery, a single pup was gently removed from the nest and immediately returned to the side opposite to the nest. The last two procedures differed from the standard procedure of the literature and aimed to minimize the test-induced changes in the nest environment in order to clarify whether the previously reported deficit in pup retrieval behavior of undernourished dams could be attributed to the test situation.
Material and Methods

General procedures and subjects
Wistar rats (Rattus norvegicus) from our own breeding stock were maintained on a 12-h light/12-h dark cycle (lights on at 6:00 h) with free access to laboratory chow containing 20 g% protein and water. The breeding regimen consisted of grouping three virgin females (90-120 days of age) and one male for 20 days. Pregnant rats were then selected and placed in individual cages. Wood shavings were provided as nesting material.
On the day of birth (day 1), litters were culled to eight (4 males and 4 females) and dams assigned at random to a 25 or 8% casein diet (for details about the diets see Ref. 24 ). Dams and pups were weighed on days 0, 7 and 14.
Experiment 1
Observation of dam behavior in the home cage
Dam behavior was assessed from day 5 to 14 between 13:00 and 13:30 h. Observations of dam behavior were recorded over a 30-min period using 10 spot checks at 3-min intervals. Each observation was instantaneous and a note was made whether dams were in or out of the nest (a dam was considered to be in the nest only if she was engaged in nursing). Data were analyzed using a 2 (diets) x 10 (observations) design with the last factor treated as repeated measure.
Pup retrieval behavior using the standard literature procedure
Retrieval behavior was assessed from day 3 to day 8 after delivery. The dams were tested for pup retrieval behavior between 15:00 and 17:00 h. The home cage was moved from the colony room to an adjacent anteroom and the dam was then separated from the litter for 3 min. The dam was kept in a holding cage, and the pups were kept in a plastic container. The pups were returned to the home cage and scattered over the floor of the cage opposite to the nest. The dam was returned to the nest and the number of retrieved pups was recorded. The test continued until the entire litter was retrieved or until 7 min had elapsed. Data were analyzed using a 2 (diets) x 6 (days of testing) design with the day factor treated as repeated measure.
Experiment 2
Pup retrieval behavior using a single test
Retrieval behavior was assessed as described for Experiment 1 (pup retrieval behavior using the standard literature procedure) except that the dams used in this experiment were subjected to a single retrieval test on day 9 after delivery. Data were analyzed by one-way ANOVA considering diets as fixed treatments.
Experiment 3
Observation of dam behavior in the home cage
Dam behavior was assessed as described in Experiment 1.
Individual pup retrieval and nest building behavior
On day 7 after delivery, the home cage was moved from the colony room to an adjacent anteroom, where the pups were separated from the dam and kept in a plastic container. Each pup was weighed and sequentially positioned one-by-one in the cage on the side opposite to the nest, regardless of dam position. The latency to retrieval of each pup, presented individually, was recorded. If the mother had not retrieved within 120 s, the pup was returned to the nest by the experimenter and the next pup was immediately positioned in the cage on the side opposite to the nest, regardless of dam position. The retrieval test was carried out between 15:00 and 17:00 h. Data were analyzed by 2 (diets) x 7 (order of pup presentation) ANOVA with the pup factor treated as repeated measure. In order to meet the assumption of homogeneity of variances, data were transformed by taking their square root before statistical analysis.
The nest building behavior of dams was assessed just after the individual retrieval test. Dams and litters were moved to a clean cage. The cage was then returned to the colony room and the nest condition was observed at 30-min intervals for 2 h. A dam was recorded as having a nest if the wood shavings were arranged in a circular or semicircular mode around the litter or when the litter was covered with nesting material.
"Little disturbed retrieval test"
On day 10 after delivery, the home cage was removed from the colony room to an adjacent anteroom. After transportation of the cage, a short period of time (5 to 10 min) was given to the mother to readapt to the new position of the cage. The dam was then gently moved to one side of the nest and one pup was selected at random and placed on the side opposite to the nest. The latency to retrieve this single pup was recorded. If the dam had not retrieved within 180 s the test was ended. The retrieval test was carried out between 14:30 and 15:00 h.
Results
Body weight of dams and pups
Since the body weight of dams and pups from Experiments 1, 2 and 3 were similar, they were pooled in the statistical analysis. In the case of dams, the main effects (diet and day) were significant but since the day x day interaction was also significant they will not be discussed (F(2,118) = 52.77, P<0.01). The body weight of well-nourished dams increased as a function of days, while the body weight of undernourished dams decreased ( Table 1) . Analysis of pup body weight revealed a significant diet x day interaction (F(2,118) = 401.90, P<0.01). The body weight of pups from both dietary treatments increased significantly from birth to day 14, but the increase was considerably less for rats raised by dams maintained on the low protein diet (Table 1) .
Observation of dam behavior in the home cage
Since the undisturbed behavior of dams in Experiments 1 and 2 was similar, the animals were analyzed and presented together to avoid redundant data presentation. The analysis revealed only a significant main effect of diet (F(1,48) = 41.83, P<0.01) due to more time spent nursing by dams raising undernourished animals (41.4%) compared to well-nourished dams (24.6%) (Figure 1 ). Analysis revealed a nonsignificant effect of days (F(9,432) = 1.69, P<0.10) and a significant diet x day interaction (F(9, 432) = 1.82, P<0.10) since well-nourished dams showed a visible decrease in time spent nursing as lactation proceeded, while undernourished dams did not exhibit a consistent decrease in the time spent on this behavior.
Experiment 1
Retrieval behavior determined by using the standard literature procedure Analysis of pup retrieval behavior of dams subjected to six consecutive tests from day 3 to 8 revealed a significant diet x day interaction (F(5,110) = 3.97, P<0.01) due to the striking decrease in the retrieval efficiency of undernourished dams when compared to well-nourished dams. From day 6 to 8, dams maintained on the 8% diet retrieved their pups less than well-nourished rats (Figure 2 ).
Experiment 2
Analysis of pup retrieval behavior of dams subjected to six consecutive tests from day 3 to 8 demonstrated that the retrieval effi- ciency of dams maintained on a low protein diet decreased as a function of testing days. To assess whether this was simply a consequence of time on the low protein diet, a single retrieval test was carried out on 10 well-nourished and 10 undernourished dams at day 9 after the beginning of dietary treatment. ANOVA revealed no significant effect of diet (F(1,18) = 1.84, P>0.10). The percentage of retrieved pups was 51.3 ± 8.6 and 42.4 ± 12.2 for the well-nourished and undernourished groups, respectively (data are reported as mean ± SD).
Experiment 3
Individual retrieval
Analysis of the retrieval test carried out on day 7 after delivery (individual retrieval) revealed no significant main or interaction effects. The latency to retrieve each pup was similar in both dietary groups and the order of pup presentation did not affect significantly the latency to retrieve the pups (Figure 3) . The proportion of pups that were not retrieved within 120 s did not differ between dietary groups (5 pups from two litters were not retrieved in the normal group and only one pup was not retrieved in the undernourished group; P>0.10, two-tailed Fisher test, data not shown).
Nest building
The nest building behavior of dams recorded on day 7 after delivery revealed that undernourished dams reconstructed the nest more slowly (62.1 ± 1.7 min, mean ± SEM) than control dams (34.3 ± 0.7 min) (F(1,26) = 14.74, P<0.01).
"Little disturbed retrieval test"
Statistical analysis of the data from the retrieval test carried out on day 10 revealed no significant effect of dietary treatment on the latency of dams to retrieve the single pup taken away from the nest, which was 82.7 ± 4.6 s (mean ± SEM) for the 25% group and 58.4 ± 4.1 s for the 8% group (F(1,26) = 1.19, P>0.10) . The number of dams that did not retrieve within 180 s did not differ between nutritional groups (3 dams in the well-nourished group and 2 in the undernourished group did not retrieve; P>0.10, two-tailed Fisher test).
Discussion
Dams maintained on a low protein diet under undisturbed conditions spent more time nursing than dams maintained on a normal diet (Figure 1 ), as also reported by other laboratories (4, 9, 12, 17) . The extra time spent in the nest by dams raising undernourished pups is probably related to the physical and behavioral characteristics of deprived suckling. It has been suggested that time spent in the nest by dams is mainly regulated by heat production by the dam as she crouches over the pups (25) . In addition, as cited by Stern and Lonstein (26) , the heat flow between Order of pup presentation dam and litter occurs only from the dam to the pups and not vice versa, as proposed by Leon et al. (25) . Consequently the extra time spent by undernourished mothers with pups is probably related to a heightened motivation of the undernourished pups to suckle, which elicits more efficiently the nursing behavior of their dams. In fact, malnourished pups spend more time suckling compared to well-nourished pups (20) . Pup retrieval behavior is regulated by multisensory processes and can be considered as a chain of motor responses elicited by a variety of stimuli emanating from the female and/or pups which promotes orientation, attention and arousal (27) . The initial stimuli induce proximity of dam and pups and perioral trigeminal stimulation elicits the retrieval and grouping of the pups in the nest (28, 29) . A variety of factors can affect pup retrieval behavior, including pharmacological and environmental manipulation of mothers or pups (11, 12, 18, 19, (30) (31) (32) (33) (34) .
The retrieval ability of undernourished dams deteriorates with consecutive testing, and this finding seems to be at variance with data acquired by observing undisturbed maternal behavior. The results of the present study using the standard procedure of the literature are in good agreement with previously published data (11) (12) (13) 19, 23) . The altered behavior of undernourished dams has been interpreted by some investigators as a result of competition among mutually exclusive behaviors (e.g., food-related behaviors versus puporiented behavior) for dams receiving about 50% of the food eaten by normal dams (11, 18) . Dams maintained on a low protein diet eat less than normal dams, as can be inferred from the loss in body weight of undernourished rats (Table 1) . This may aggravate the nutritional status of dams maintained on a low protein diet, which may contribute to disturbing the maternal behavior under repetitive testing situations. Our results suggest that these repetitive tests are necessary to alter the retrieval behavior of undernourished dams. Wiener et al. (35) showed that the maternal pituitary-adrenal responsiveness toward malnourished pups decreases as lactation proceeds, coinciding with the retrieval deficits observed in undernourished dams (12) . Furthermore, Wiener et al. (35) demonstrated that the responsiveness of well-nourished dams to well-nourished pups was higher than the responsiveness to malnourished pups, indicating that undernourished pups elicit less maternal responsiveness than well-fed pups. The decrease in retrieving efficiency probably results from an interaction between nutritional state of mother and pups and test conditions, since it was demonstrated that the retrieval behavior of dams caring for pups who were fed only 8 h daily is not negatively affected by repetitive testing (14) . Further support for the deleterious influence of repetitive testing on retrieval behavior of undernourished mothers was obtained in this study: on day 10, undernourished dams retrieved with similar efficiency to well-nourished dams, when the home cage environment was left undisturbed.
In contrast, under undisturbed situations undernourished dams seem to exhibit adequate maternal behavior since they spend more time in the nest with the entire litter (4, 17, 20) . If undernourished dams exhibited inadequate retrieval behavior it would be expected to encounter pups out of the nest more frequently in litters raised by undernourished dams. Nevertheless, this does not seem to be the case (9,17, and Rocha JBT and Mello CF, unpublished observations).
Our data suggest that undernourished dams present deficits in pup-oriented behavior only when they are subjected to disturbed situations, such as repetitive testing ( Figure  2 ) (11, 12, 19) and/or to changes in the home cage environment.
